o

Earth Science Enteﬁg}e N&SA

National Aoronautics and $pan‘.}ﬁ'

NASA Planning for GPM

Ramesh Kakar
GPM Program Scientist
Office of Earth Science

NASA Headquarters
May 16, 2001

NASA - Office of Earth Science Page 1



Earth Sclence Enterpﬂse NGASA

How |sthe Earth Changing and What Arethe Consequences
for Lifeon Earth?

« How istheglobal Earth system changing?
« What aretheprimary forcings of the Earth system?

« How doesthe Earth system respond to natural and
human-induced changes?

 What arethe consequences of changesin the Earth
system for human civilization?

 How well can we predict future changesin the Earth
system?
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*How does the Earth system respond to natural and human-induced changes?

What are the effects of clouds and surface hydrologic processes
on Earth’sclimate?

How isthe Earth changing and what are the

consequences for life on Earth?

*How is the global Earth system changing?

How are global precipitation, evaporation, and the
cycling of water changing?

How is the global ocean circulation varying on
interannual, decadal, and longer time scales?

How are global ecosystems changing?

How is stratospheric ozone changing, as the
abundance of ozone-destroying chemicals decreases
and new substitutesincreases?

What changes are occurring in the mass of the
Earth’sice cover?
What are the mactions of the Earth and the Earth’s

interior, and what infor mation can be inferred about
Earth’sinternal processes?

*What are the primary forcings of the Earth system?

What trends in atmospheric constituents and solar
radiation aredriving global climate?

What changes are occurring in global land cover and
land use, and what aretheir causes?

How is the Earth’s surface being transformed and
how can such information be used to predict future
changes?

How do ecosystems respond to and affect global environmental
change and the global carbon cycle?

How can climate variations induce changes in the global ocean
circulation?

How do stratospheric trace constituents respond to change in
climate and atmospheric composition?

How isglobal sea level affected by climate change?

What are the effects of regional pollution on the global
atmosphere, and the effects of global chemical and climate
changes on regional air quality?

*What are the consequences of change in the Earth system for human civilization?

How are variations in local weather, precipitation and water
resour cesrelated to global climate change?

What are the consequences of land cover and land use change for
the sustainability of ecosystems and economic productivity?

What are the consequences of climate and sea level changes and
increased human activities on coastal regions?

*How well can we predict future changes to the Earth system?

How can weather forecast duration and reliability be improved
by new space-based observations, data assimilation and
modeling?
How well can transient climate variations be understood and
predicted?
How well can long-ter m climate trends be assessed or predicted?

How well can future atmospheric chemical impacts on ozone and
climate be predicted?

How well can cycling of carbon through the Earth system be
modeled, and how reliable ar e future atmospheric concentrations
of carbon dioxide and methane predicted by these models?
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« How areglobal precipitation, evaporation, and the cycling of
water changing?

« How arevariationsin local weather, precipitation, and water
resourcesrelated to global climate variation?

 How can weather forecast duration and reliability be
Improved by new space-based observations, data assimilation
and modeling?
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Understanding the earth’s climate and how It
responds to climate perturbations relies on
what we know about how atmospheric
moisture, clouds, latent heating, and the large-
scale circulation vary with changing climate
conditions. The physical process that links
these key climate elementsis
precipitation.......
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RETIONAL FPACE DEVELOFWMENT SOBMCY OF MFmR

Precipitation radar (PR):
13.8 GHz
4.3 km footprint
0.25 km vertical res.
215 km swath
Microwave radiometer (TMI):
10.7,19.3, 21.3,37.0
85.5 GHz (dual polarized
except for 21.3 V-only)
10x7 km FOV at 37 GHz
760 km swath
Visible/infrared radiometer (VIRS):
0.63, 1.61, 3.75, 10.8, and 12 :m
at 2.2 km resolution
Additional EOS instruments:
CERES (Cloud & Earth Radiant
Energy System) 720 km swath

LIS (Lightning Imaging Sensor)

TRMM Sensors

PRDala M Data VIRS Data
PerAMEL e d=F 1 0] AR - RIHUH
Rain Scattering 4 -wave Radiation VISR Radiation

T, BLUARELR. HEH A
Dala Processing, Intercomparison, Interutilization

‘EBRAEOIRTAT - WEAEIMG - BOWI, #H

« B O I A iR P A AE (VIR
e 7 7 B 2 LN ) (L VR IE)
» Cloud Height,
* Rain Rale, 3-D dist + Verl-integ, Rain Rale  Properties
+ Veriical Profile (Wide Swath) {Wida Swal)

{Datailed Rain Info.}

W - ZRTHBEE. REONES
Time / Space Av. Rainfall, Stom Structure, ele.

FlB#EA~
To Users

N wEREEA
Flight diregtion

PR VIR ™I
|

|

TMIVIRSHLIEE
Swath:=700km

PRENSE
Swath; ~220km




F e, T -
1 ence Ent
A snautics and Spac

e'?. i'sé
5 2 kpau}:-}' Hr ;

W

N/ASD/A

RETIONAL FPACE DEVELOFWMENT SOBMCY OF MFmR

Tropical Rainfall Measuring Mission (TRMM)

Ocean Rainfall Estimates\With TRMM
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LN  Tropical Rainfall Measuring Mission

TRMM hasreduced the uncertainty of climatological rainfall in tropics
by over afactor of two, therefore establishing a standard for
comparison with previous data sets and climatologies.

Extensive work isongoing to under stand the differencein theretrieved
products from active and passive sensors.

TRMM has helped in refinement of SSM/I rainfall algorithmsand thus
has helped in the extension of data record by over ten years.

Ongoing study of changing rainfall patternsin concert with better
known climate variables such astemperature or aerosol concentrations.

TRMM has shown the utility of precipitation information for the
Improvement of numerical weather forecasts and climate modeling.

Thereisaneed to extend therainfall observationsto higher latitudes
and improvethe temporal resolution.
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e Tl Rainfall Measuring Mission (TRMM)

Three-Y ear Seasonal Climatology from TRMM

SR O e —
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High-resolution SST
measur ements through cloudsfrom TM|
datga provided early detection of the 1998
La Nina and instability waves (Wentz,
Science 1999)

High-resolution SST
measur ementsillustrated the deleterious
dact of Hurricane Bonni€'s cold wake on
the development of Hurricane Danielle




Compelling New L ooks
at Hurricanes,
Typhoons, and Cyclones

inner structure of natural
hazardslike hurricanes
| Mitch, Bonnie, and Floyd.
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TRMM even provides
measur ement of sea

surfacetemperaturein
oo I AR Db cloudy tropical cyclone
Br.1 é g environments.
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SSM/I 85 GHz Brightness Temperature
13 DEC 1997 0911UTC
PAKA (8.9N, 161.8E)
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Rain(mm/3hr), Sea-level Pressure & 850 hPa Wind
13 DEC 1997 0900UTC
(IC: GEOSwithout TRMM)

Rain(mm/3hr), Sea-level Pressure & 850 hPa Wind
13 DEC 1997 0900UTC
(IC: GEOSwith TRMM + bogus Vortex based on 4-D VAR)

Rain(mm/3hr), Sea-level Pressure & 850 hPa Wind
13 DEC 1997 0900UTC
(IC: GEOSwith TRMM)

The Figures compare with the satellite
picture of SSM/I brightness temperature at
85GHz Channel (Upper Left) the ssmulated
Paka (33h forecasts) from Penn State/
NCAR MM5 model a 5-km horizontal
resolution while the model initial conditions
(at 0OO0OOUTC 12 DEC 1997) are generated
from

* GEOS anaysis without TRMM data
(TRMM derived rain rate and tota
precipitable water ) assimilation (Lower
Left),

*GEOS andysis with TRMM data
assimilation (Lower Right) , and

* MM5 adjoint-based four dimensiona
variational  data  assimilation,  which
incorporating GEOS anaysis and TRMM
data with mesoscale bogus vortex data into
the mesoscale model (Upper Right).

Ask Zhao-XiaPu
(pu@gilbert.gsfc.nasa.gov)
for questions and additional information

Authors; Zhao-Xia Pu and Wei-Kuo Tao
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TRMM Precipitation Radar Helps Address Calibration Problems of
Ground-Based Weather Radar Systems

I v
TRACY

*PR monitors fluctuations in the calibration bias *PR identifies calibration biases for an operational weather radar
of US WSR-88D systems: used for flood forecasting in the urban area of Sao Paolo, Brazil:
—— R . Bauru—Brazil Ground Radar Site
of £ £ ] nIIIIi:.;I'_!:I ] —— Sample bias
L =1, kN Sl v ot 1 Comparison with PR over the
period of 1997 to 1999 shows
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a calibration bias of ~6dB
| for the Bauru radar. This bias
-- /:orresponds to about 3-4 times
underestimation in the flow
T forecasts if driven by radar
"""""""""" I data left uncorrected.
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\.J *PR identifies a 4 dB change in the calibration of the TOGA
Y/ I R TN YT ff:"‘“g f research radar used in the Large Biosphere Atmosphere
Ca & & FISSEES L

:“; v \d Experiment in the West Amazon:
- Example showing comparisons of TRMM PR and two & 2 ' ' ! ! ! ' '
" WSR-88D observations of a storm cell located in the E o = 7
_ quantitative range of the two radars: PR identifies Rl Sampleblas T T ]
8 a 2.5 dB calibration bias for KMOB, while it agrees § ol b'”ﬂ:’:* [ —— __T ]
R within 0.5 dB with KLIX. g -6 - Pt - l -
R ol |oite 0125 0201 0201 0203 0203 |0225
8 Hudrologic Implications: A djusting for the bias identified by PR v v
- results to removal of the wide divergence in the two ground The TOGA-PR systematic The systematic difference
’ radar storm total rainfall estimat_es: difference from data comparisons jumps to -4.5 dB from data
e . '} N ' preceding January 24 1999 comparisons following
i PR based adjusted | " was about —0.5 dB January 24.

i WSR-88Ds —p
Unadjusted
WSR-88Ds
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Krishnamurti, The Florida
State University
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Near-term Challenges

Establish close agreement among TRMM passive and
activeretrieval of zonal meansto establish calibration
point for long-term analyses.

Finish Version 6 reprocessing of TRMM data with
Improved algorithms, while continuing to provide
current products.

Combine global water vapor and precipitation analyses
to determineif the variations (and possible trends) in
cycling the water through the atmosphere arerelated to
SST changes.

Deter mine fraction of regional variationsin precipitation
dueto ENSO.

NASA - Office of Earth Science Page 16



Near-term Challenges (contd.)

Successfully complete CAMEXA4.

Demonstrate impact of asssmilation CAMEX and TRMM data
on forecasting track and intensity of tropical cyclones.

Deter mine tropical mean convective structure (fraction of
convectivevs. stratiform rainfall) for thefirst time using
TRMM’sfirst three years of data.

Quantify improvement of numerical weather prediction
related to assimilation of rainfall data.

Develop the necessary partnershipsfor GPM

NASA - Office of Earth Science Page 17
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T03-42-252; T02-03-25Z | T T19-59-252 T T09-45-257 - 5-11-26Z T11-43-262 ' - Yl TO06-22-257

18:42 1710 1408
TI8-22-26Z2  T16-44-252 Ti2-54-25Z
0717 0414 00:01
T2-39-262 5 : Ti6-44-252

14:53 11:51 08:48 05:45 02:43 22:30
T14-32-252 T11-43-262 TO7-59-252 T05-04-262 T02-03-252 T21-02-562 T18-22-262

TMI data for Wednesday, 09 May 2001
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SeLoorl R Ly | mportance of precip.measur ements

« Availability of water governsthe habitability of
Earth

e |n an eraof climatic uncertainty we should be ableto
detect, understand and react to early signsthat
rainfall patterns may be changing in concert with
better understood climate variables

e Transent nature of rainfall makesthe detection of
subtle changes difficult

« Rainfall information over ~3 hourstime scaleis
needed to Improve nwp models, data assimilation
models, hydrological models and flash flood forecasts
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« TRMM cannot solve all problems associated with
precipitation

« TRMM doesnot provide measurements outside the
tropics (35°N - 35°S)

« TRMM sampling frequency at any point islimited to

roughly 1 sampleevery 15 hrsfor theradiometer and
1 sampleevery 50 hrsfor theradar

« TRMM rainfall uncertainties are dominated by
sampling errorsdueto which it isimpossible to detect
subtle changes that may be associated with slowly
changing climate

NASA - Office of Earth Science Page 20
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Future Challenges

« Observewater in various states and therelated
fluxeswell enough to closethe atmospheric
hydrologic cycle.

e Develop and implement GPM to obtain the
required precipitation observations.

 Model the global hydrologic atmospheric cycle
well enough to distinguish natural variability
from long term trends associated with climate
change.

NASA - Office of Earth Science Page 21
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* Interdisciplinary (e.g. Hydrology,
Oceanography, Atm. Dynamics, Agriculture,
Climatology etc.)

e |nteragency
e International (very important)

e Criterion for Selecting Science Team Members
(ad hoc or NRA)

NASA - Office of Earth Science Page 22
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Earth Scionce Eniefprise NRSA Oper ation of Science Team

e Strong I nterface between Science and
Technology

e Establishment/Endorsaement of Level 1
Requirements

« Establishment of Schedulefor Science
Activities
 Writing of the Science | mplementation Plan

NASA - Office of Earth Science Page 23



peete ] New Observing System Questions

¢ How are the rainfall and ranfall structure
responding to changes in the Earth’s temperature
and other climate variables and do we understand
thisresponse ?

¢ How directly is the surface hydrology coupled to the
rainfall/evaporation and do we understand the
relationship well enough to be of predictive value?

¢ What isthe effect of rainfall over the oceans upon the
ocean/atmosphere energy exchange and feedback
mechanisms and can we under stand this feedback?

NASA - Office of Earth Science Page 24
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GPM Reference Concept

OBJECTIVE: Understand the OBJECTIVE: Provide
Horizontal and Vertical Enough Sampling to Reduce
Structure of Rainfall and Its Uncertainty in Short-term
Microphysical Element. Rainfall Accumulations.
Provide Training for Extend Scientific and
Constellation Radlometers Societal Applications.

Constellation Satellites

<8 Small Satellites with
Microwave Radiometers

“\ ] 1 NASA Provided?
[1 1 NASDA Provided?
[1 2 ESA Provided?
[1 4 Other Partners?
«3-Hour Revisit Time

= Sun-Synchronous Polar
orbit

e~ 600 km Altitude

Core Satellite 2
= Dual Frequency Radar, NASDA i &

= Multifrequency Radiometer,
NASA

«H2A Launch, NASDA
*TRMM Like S/C, NASA
<Non-Sun Synchronous Orbit
e~ 70° Inclination

«~400 - 500 km Altitude

e~ 4 km Horizontal Resolution
=250 m Vertical Resolution
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Eartn Scionce Entofprise NRSK Summary

e Measurement of precipitation isimportant to
understanding “How isthe Earth Changing and
What arethe Consequencesfor Lifeon Earth?”

« TRMM hasplayed atremendousrolein the
enhancement of precipitation studies

e But TRMM hascertain limitations

 We need a precipitation measurement mission which
IS much broader in scopethan TRMM

e |tisnot too early to begin international partnerships
needed to iImplement the next mission
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